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U.S. Air Force

114th Range Flight
Edwards AFB

Los Angeles AFB

Patrick AFB

Tinker AFB

Vandenberg AFB

White Sands Missile Range

U.S. Navy
Naval Ordnance Test Unit

Naval Surface Warfare Center

NOAA

National Weather Service

ACTA, Inc.

Advanced Technology Group
Aero Thermo Technology, Inc.
Aerospace Industries Association
Aim8 Product Development, Inc.
All Points Logistics

Analex

ASRC-Aerospace, KSC
ATK-ELKTON

BAE Systems

Boeing

Boeing Expendable Launch Systems
Boeing Homeland Security
Boeing SLRSC

Booz Allen Hamilton

CMC Electronics Cincinnati
Command & Control Tech Corp.
Computer Sciences Raytheon

Dynacs Engineering

Appendix A

General ASTWG Membership

NASA

Ames Research Center
Dryden Flight Research Center
Johnson Space Center
Kennedy Space Center
Marshall Space Flight Center
NASA Headquarters

Wallops Flight Facility

Federal Aviation Administration
Commercial Space Transportation
FAA Aerospace Weather Standards

Industry
ENSCO, Inc
Futron Corp.
Harris Corporation
Infoware Systems, Inc.
Institute for Defense Analyses
ITT Industries Systems Division
Knowledge Based Systems, Inc.
LJT & Associates
Lockheed Martin

Academia

Aerospace Development Center
Florida Space Research Institute
New Mexico Space Grant
University of Central Florida

University of Nebraska

States

Aerospace States Association

California Space Authority

Coalition of Spaceport States
Oklahoma Space Industry Development

Florida Space Authority

Research Triangle Institute
Science Applications

Scitor Corp.

Sigmatech, Inc.

Spacelift Range System
SRI International

Swales Aerospace

The Aerospace Corporation
Titan Systems — OATG

Lockheed Martin Aerospace Atlas Launch Operations  TRW

Lockheed Martin Space

Lockheed Martin Space & Strategic Missiles

Loral Space Comm.

Morgan Research Corp.
North Consulting

Praxair, Inc.

Range Safety Operations, Inc.
Range Systems Design

Reliable System Services Corp.

TSI Telsys, Inc.

TYBRIN Corp.

United Paradyne, Corp.

Universal Technology Corporation
Veridian Systems

Wyle Laboratories

X Prize Foundation
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Appendix B
Miniretreat Participants

(Technology & Commerce Development)

Technology Miniretreat — Flight and Payload Element Operations
March 10-14, 2003
Kennedy Space Center, Florida

Last Name First Name Company

Blanchard Lyman NASA

Brown Kevin Command Control Technologies
Cook Bill Veridian

Fussell Ron Boeing

Guidi Cristina NASA

Harris Bill ASRC Aerospace

Hernandez Ed Universal Technology Corporation
Hiatt Janice Research Triangle Institute
Huddleston Tim National Coalition of Spaceport States
Ingoldsby Kevin LMCO

Klock Paul VAFB

Kotnour Tim University of Central Florida
McCleskey Carey NASA

Merritt Steve LMCO —Atlas V

Roy Bill NASA

Ryberg Steve University of Nebraska

Schuling Roelof NASA

VanSuetendael Rich FAA

Nelson William Booz Allen Hamilton
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Last Name
Cunningham
Fussell

Guidi

Harris
Hernandez
Hiatt
Huddleston
Ingoldsby
Kotnour
Littlefield
McCleskey
Merritt
Schuling
VanSuetendael

Last
Eckert
Edwards
Feige
Gomez
Guidi
Huddleston
Ingoldsby
Kotnour
Lobmeyer
Ponik
Ryberg
Teek
Trimble
Wells
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Technology Miniretreat — Enabling Functions
April 14-16, 2003
Kennedy Space Center, Florida

First Name Company

Bob NASA

Ron Boeing

Cristina NASA

Bill ASRC Aerospace

Ed Universal Technology Corporation
Janice Research Triangle Institute

Tim National Coalition of Spaceport States
Kevin LMCO

Tim University of Central Florida
Maria NASA

Carey NASA

Steve LMCO - Atlas V

Roelof NASA

Rich FAA

Commerce Development Miniretreat
August 12-13, 2003
Oklahoma City, Oklahoma

First Company

Paul Boeing

Jay Oklahoma Space Industry
Jeff Aerospace States Association
Louis New Mexico Space Authority
Cristina NASA

Tim Aerospace States Association
Kevin Lockheed Martin

Tim University of Central Florida
Dennis Swales Aerospace

Renee NASA

Steve University of Nebraska — Omaha
David Florida Space Authority

Paula FAA-AST

Joel NASA
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Appendix C

Roadmap Legend/Process

Simplified ASTWG Technology Planning Process

ASTWG Vision Team Products

v1,v2

S = = Provides examples of how
Eslggiethe Generic Spaceport Example Applications | 4, generic spapceport
fiifictions of a Overations Model of Generic Spaceport | operations model can be
spaceport P s Operations Model applied to different

spacecraft types
A1, A2

Defines the Overall Spaceport

capabilities of S c biliti

a spaceport ystem Capabilities

over time Roadmap

B1, B2, B3, B4 B5

Describes the Defines common
capabilities for Spaceport Functional Technolo technologies that
each function P p i io 4 cross-cut the
of the spaceport | Capabilities Roadmap Focus Areas spaceport functions

over time

Describes the challenges

al
al

nd potential technical
pproaches to achieving

capabilities for each
function of the spaceport
over time

Functional Challenges
and Technical
Approaches

C1CH, C2CH, C3CH,
CACH, CACHTA, C1TA,
C2TA, C3TA, C4TA

Describes the challenges

an

d potential technical

approaches to achieving

ca

pabilities for each

cross-cutting technology

of

the spaceport over time

Describes a set of
projects to pursue
in developing the
capabilities and
overcoming the
challenges

Focus Area and
Capability Technology
Approaches

l

Candidate Projects

V1:
V2:
B1:
B2:
B3:
B4:
BS5:
C1CH:
C1TA:

Generic Spaceport Operations Model
Plug & Play image

Flight Element Capabilities Roadmap
Payload Element Capabilities Roadmap

Integrated Operations Capabilities Roadmap
Spaceport Enabling Functions Capabilities Roadmap

Technology Focus Areas
Flight Element Challenges
Flight Element Technical Approaches

Legend:

C2CH:
C2TA:
C3CH:
C3TA:
C4CH:
C4TA:
C4CHTA:
E:

Payload Element Challenges

Payload Element Technical Approaches

Integrated Operations Challenges

Integrated Operations Technical Approaches

Enabling Functions Challenges

Enabling Functions Technical Approaches

Enabling Functions Challenges/Technical Approach Combined
Focus Area Capability and Technical Approaches

F: Candidate Projects
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Receive and Accept Flight Elements (A1) Assemble Flight Elements (B1) Service and Checkout Flight Elements (C1)
¢ Purge and maintain environmental controls « Safety concerns * Multiple fuels, propellants, fluids
® for active systems  Lack of blowout capabilities * Hazardous operations
2 « Deservicing after receipt * Waste stream generation
2 * Remove protective covers * Many grades of same fluids
5 o g * Commodities are kept onsite
= * Need to certify hoses
s ‘E’ * Use manifolds, isolation valves, drainbacks
>
3 & * Environmentally sealed elements ¢ Modular line units ¢ Minimize breaking the systems
§ S | * New designs to balance zero- and 1-g « Standardized servicing approaches * New techniques for fluid handling and
83 environments transfer
5 g * Reduce the need for conditioning of lines * Materials for handling hazardous fluids
R < and purging * Keep lines hot to the vehicle
* Special fixtures and equipment * Requires multiple, special facilities * Toxic/hazardous commodities
* Receive from all modes * Moving of hazardous or radioactive * Waste stream generation
 Vertical and horizontal repositioning/ elements * Numerous grades of same fluids
reorientation * Major structural assembly * Commodities are kept onsite
g « Different transportation along the flow * Movement to multiple facilities * Use manifolds, isolation valves, drainbacks
H ¢ Incrementally receive * Interfaces/connections are inconsistent and * Many storage tanks
. 3 * Multiple and unique interfaces numerous * Cryogenic operations
2 5 ¢ Unique access * Closeout of servicing ports
H * Maintaining single orientation throughout ¢ Leaks
] %‘ processing * Multiple, nonstandard connections/interfaces
I_ £ « Safety concerns * Preuse certifications
H ﬁ * Weather-dependent * Gaining access to connections
=
£ %  Standardized interfaces * Minimize amount of handling * Minimize breaking the systems
S S | e » Horizontal processing capabilities * Elements that do not require unique * New techniques for fluid handling and
2 [ * Robust, standardized, safe class of all- attitudes transfer
E g weather transporters and containers * Minimize need for clean room * Materials for handling hazardous fluids
o * Optimized attached points * Smart and multifunction buildings * Self-verifying systems
% « Standardized transports * Smart standardized interfaces
k] * Modular LRUs * Self-sealing quick disconnects
£ * Minimized and automated assembly « Self-clearing interfaces
9 * Weather-independent ops ¢ Automatic seals
= ¢ Clamshell « Standardized access points
« Standardized interfaces * Better-insulated fuel tanks
* Unique acceptance/inspection criteria « Serially intertwined testing ¢ Redundant, intrusive, and incremental
) ¢ Unique equipment ¢ Unique equipment checkout and test
£ E * Damages in shipping  Very intrusive * Unique HW and SW
% © * Mostly visual and manual ¢ Hands-on * Limited access during and after fuel
Iy 5 5 * Recomplete factory test * Paper trail is heavy * Hazardous environment
35 * Specialized labor skills
o
.§ £ * Minimize need to validate and verify SW * Minimize need to validate and verify SW « Telepresence heads-up displays
S < § 5 | ¢ Automated testing and inspecting * Automated testing and inspection * Nondestructive sensors
2 8 * Intelligent analysis * Integrated health management
£ Sa « Self-verifying, modular, interfaces * Remote sensing
o .
< * Integrated health monitoring
* MEMS
* Environmental controls * Environmental controls ¢ Using launch consoles for checkout and
3 * Element-unique monitoring equipment * Element-unique monitoring equipment control
E’ H ¢ Maintain quality assurance and ¢ Labor-intensive
§ E documentation * Non-real-time data reductions
g5 o
52
£ E * Automated environmental monitoring and * Automated environmental monitoring and * Automated, remote sensing techniques
8 k] 5 tracking tracking * Integrated monitoring systems
£ g S| Self-contained test units « Self-contained test units * Advanced hazardous detection systems
5 a8 |° Smart shipping containers (pods) * Integrated checkout and maintenance
o eg system
* Nonstandard, slow, paper, labor-intensive * Nonstandard, slow, paper, labor-intensive * Labor-intensive
documentation methods documentation methods ¢ Subsystem-unique/-centric
o  Limited cross checks * Conflicting checklists * Do not capture configuration change
= 2 * Analyzing records of shipment for off- * Numerous approvals information
-3, o 2 nominal conditions « Difficult real-time changes * Procedures have too many optional steps
.E £ £ * Capturing lessons learned  Diverse configuration control systems
g § o * Analyzing records for off-nominal conditions
59 « Capturing lessons learned
:g’ @ * Processes that depend on craftsmanship
3
ED—:‘ * Common standard for documentation * Automated work instructions « Standard procedures
s E =< |° “Turbo Tax” * Automated check-offs * Automated configuration management
s © § | * “FedEx’ tracking « Standardized format systems
o £ 2 | « Monitoring in transporter * Voice interfaces * “Turbo Tax” for procedures
2 g |- Automated, intelligent, real-time analysis * Heads-up displays
I Data warehousing * Automated, real-time, intelligent analysis
 Data warehousing
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Payload Element Receipt and Acceptance (A2)

Assemble Payload Elements (B2)

Service and Checkout Payload Elements (C2)

Standard services

Keep cryos cold

Auto archive with easy access/retrieval
Integrated with trend analysis tools

e « Tying different sources together (e.g., 50 vs. 60 ¢ Loading hazardous commodities/ ordnances
H Hz) * Contamination control
E * Incremental servicing
'8 o o
23
3 E * Environmentally sealed payloads * Move servicing to Gas & Go * New techniques for fluid handling and transfer
<P 5 5 | ¢ Minimal purging required « Standardized servicing approaches * Materials for handling hazardous fluids
:-:) S | * Reduce the need for conditioning of lines * Keep lines hot to the vehicle — no conditioning
5a * Remote sensing of contaminants
S a
<
 Lack of standard approaches * Unique/customized handling * Hazardous commodities and ordnances
* Clean payload transporter before moving into * Nonstandard container/interfaces and « Difficult to set up and move access stands
S controlled facility connectors * Suspended loads
> 5 « Facilities for environmental/contamination * Clear under lifts * Multiple, unique subsystem interfaces
£ 3 control/monitoring * Building subassemblies
S 5 * Securing facilities * Unique GSE installation/checkout
;‘E ) « Lack of a national ICD for payload-to-spaceport | ¢ Aligning components
. E :
g ] interfaces
B 2 « Standardized interfaces * Minimize amount of handling « Standardize movement within spaceport
E e < Standard all-weather container * Smart, multifunction buildings * Robotic handling
2w© E S | ¢+ Same transport and lifting interfaces « Standardized transport, payload-to- * Self-verifying systems
H ‘€ 8 | * Apayload-to-spaceport ICD spaceport, and assembly interfaces ¢ Smart, standardized interfaces
= 5a * Weather-independent ops * Self-sealing quick disconnects
& é:" * Modular, easy-access, wireless, and self-  Self-clearing interfaces
verifying interfaces ¢ Automatic seals
« Standardized access points
* Complex and lengthy « lterative verification at launch site * Incremental checkout
8, | * Each payload is unique * Buried or layered components result in
£ H * Lack of standards/unified approach retesting
$.| =
58 | ©
LR
c L
-g £ * Automated * Automated « Stereoscopic vision helmets
S 2w S | ¢ Self-contained test units « Intelligent analysis ¢ Heads-up displays
2 g S | * Smart shipping  Integrated health monitoring * Wireless sensors
E 5s « Self-contained test units * Remote sensing
Y
<
* No “shipping” state-of-health data * Monitoring state of health while assembling ¢ Unique monitoring and commanding
] * Monitoring industrial safety
2| 2
5| 3
s5 | &
§2
Eo
(E, & * Automated environmental monitoring * Automated tracking * Automated/remote sensing techniques
o ?‘_; Tg S * Automated environmental monitoring ¢ Integrated monitoring systems
€ |8  Integrated health monitoring ¢ Advanced hazardous detection systems
8 S s * Autonomous command/control
Y
<
* Preparing ITAR is ill defined  Inventory tracking and control * Managing many checklists
o * Tracking free trade zones usage * Takes time to learn * Lengthy review/approval process
- 2 * No real-time tracking of costs * One-shot deals leave no room for lessons « Configuration management and tracking
5 2 « Lack of integrated resource scheduling learned « Everything is treated as a unique operation
2 2 £ * Lengthy safety review process « Catching and using lessons learned
‘ut:: € ©  Lack of central repository of initial inspection
E H data
8 % « Cafeteria plan for spaceport services * “FedEx” tracking of payload elements * Automated/autonomous configuration management
% [3 « Standardized/minimal safety review location and status
£ E E 'E, * Common standard for documentation * Automated work instructions and associated
£E< | S | * Central repository signoff
£ S 'g * “FedEx" tracking « Data warehousing/archiving in real time
e |- Intelligent analysis * Ongoing intelligent analysis of data
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Integrate Flight System and Payload (D)

Contamination control

Electronic approvals
Comprehensive health management
Risk management intelligence

% | ¢ Maintain blanket purges
s
®
g2 'L':)
g3
s o
R « Advanced filtering
<a E 5 | ¢ Eliminate need while mating elements
‘€ 8 | * Self-contained flight elements — only mating is structural
38
L <
« Transporting hazardous materials * Unique vehicle interface
« Integrating large, fragile, and delicate pieces across facilities * Hookup and closeout interfaces
« Complex positioning, rotating, and lowering of elements * Too many and elevated umbilicals
® « Lifting, moving, and mating are done in different orientations « Interfaces involve bridging pieces
2 ¢ Manual alignment * Closeouts and cover plates
2  Controlled and monitored moves « Too many nonstandard, complex, dangerous interfaces (e.g.,
5 £ * Specialized lifting fixtures and handling equipment (e.g., breakover ordnances)
£ o fixtures) * Mechanically connect and then electrically test
S ¢ 1-g limitations * Pyrotechnic separation
f ) * Customized equipment and carrier panels * Weather impacts
g“ § « Gaining access to payload once inside vehicle
B <u£, * Minimize handling * Robotic and artificial intelligence/visual element mating
S B = * Fewer connection points * Provide utilities to need point
2w© S « Standardized transport modes * Nonpyrotechnic, debrisless separation techniques
§ g_  Self-contained hardware (e.g., factory-packaged for shipping, * Eliminate T-0 umbilicals — wireless
= =% handling, assembly) « Self-verifying connections
E « Self-contained payload « Self-latching mechanisms
§ * “Sensed” alignment (wireless technology) * Clocked electrical connectors
£  Design for horizontal assembly and delivery * Design guidelines for spaceport infrastructure
9 * Transporter doubles as breakover fixture « Simulation models for ground traffic management
= ¢ Minimized and standardized interfaces (e.g., ICDs) « Virtual reality planning and testing
« Alignment and positioning sensors (e.g., laser)
* Continuous checks — multiple subsystem and interface tests
S * Manual operations completed within the critical path
£ 5 * Many ground and range interfaces — need approval from range to perform certain tests
o ® | * Weather-dependent
@ c 5 * Multiple manual and electrical interface verification tests
n 9  Gaining physical access
o3 ©
5 ..E_’ « Self-verifying interfaces
50 s< |° Self-fault isolation and repair systems
g> © 8 | * Integrated health management
2 £ g_ * Risk management approach
- 9 & | * Noninvasive NDE techniques
I Automated defect and material characterization systems
* Standardized tests
¢ Unique HW/SW
g | * Using launch consoles for checkout and control
2 H * Non-real-time data reductions
'g E * Mission/vehicle unique control system
gE | ©
§=
E 2 * Automated, remote sensing techniques
8 :l =< |° Integrated monitoring systems
g © 8 | » Advanced hazardous detection systems
S | £ g « Data fusion
O | 8 & |+ Knowledge-based systems
I Automated configuration control
* Autonomous command and control
* Multiple sources of database
* Paper-based
« Diversity of approvals for procedures and paperwork
) ¢ Conducting trend analysis (e.g., determining out-of-family/out-of-spec issues — risk aversion)
H * Integrating requirements
s * Lack of standardized documentation formats
5 « Difficult methods to make changes to documents
= * Integrating requirements with other systems
2 > * Verification data reduced after the fact
8 e Who is in charge?
g E
g S » Standard, paperless system for document generation and approval
8 % « Standardized processes
Qs * Automated plan generation, deconflicting, scheduling, and approval
g’—:‘ S * Heads-up display of procedures
s E 3 * Automated go/no-go criteria
c 2
& g |- Integrated health management
o < * Automated, integrated trend analysis
§ * Automated responsive, dynamic requirements management
e  Simulation models for preplanning
5 * Automated decision models
& | » Data warehouse
.
.
.
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Execute Departure Operations (E)

Weather-dependent

e « Last-minute power requirements for last possible moment for vehicle
S * Final commodity fueling and topping is hazardous operation and requires contamination control
= * Need to condition lines for cryogenics before pump-through
T o (':.)
@
23
3 qEJ * Minimize servicing required ¢ Autonomous umbilical
<o E S | * Nonvolatile fuels * Self-cleaning, leak-free mechanical interfaces (quick disconnects)
‘€ 8 | » Advanced fluid system filtering, storage, and transfer * Automatic deicing
5 'g * Robust fluid systems for weather mitigation * High-accuracy, multiparameter leak detection capability
€ & | * Service station approach * Visualization techniques for fire detection and enhanced hydrogen
+ Nonintrusive instrumentation for cryogenic system fire detection
« Large amount of structure around vehicle to be retracted and stowed | ¢ Range safety system activation
o * Last-minute handling * Number of interface and umbilical connections
2 * Runway orientation * Potential move to final departure point
o 2 * Vertically stacked element movement ¢ Alot of T-0 umbilicals
£ 2 * Final component installation  Last-minute connection of pyrotechnic devices
2. o * Flight crew systems * Control hazards through brute-force methods
£ g * Battery activation
.S ﬁ * Wireless sensors « Eliminate confined spaces
® < * Clean pad and clean runway « Eliminate potential leak sources
% B | = < | * Transport under own power to departure point (horizontal) * Integrate and fuel at or as close to departure point as possible
2w _S 8 | * Eliminate by design * Use rechargeable batteries
§ £ g « Artificial vision * Wireless sensing and commanding
= 9 o | * Rechargeable batteries * Minimize and automate umbilicals with self-verifying interfaces
<. Self-healing seals * Leak-free mechanical interfaces (quick disconnects)
* Sealing technology * Wireless or laser communications
* Leak detection * Decouple payloads from other systems
* Final FTS checks
S * Countdown procedure = final checkout
£ S * Restriction on available data — bandwidth-limited
ﬁ 5 * Loading range safety code is manual
& H S * People in danger for final inspection
28
c =
-f—’_, E « Artificial vision and intelligence
9 S E $S | ¢ Integrated health monitoring
2 ‘€ 8 | * Onboard sensing
£ § & | * Fault-tolerant systems
2 2' * Remote sensing of hazardous gases and high-accuracy optical techniques for gas imaging
« Self-fault isolation and repair systems
* Loading range safety code is manual
g * Pseudoautomated process — direct touch
§ * Many people in the decision loop
o ® * Limited by weather
£ | & | Final FTS checks
2 * Countdown procedure = final checkout
5
g § * Centralized launch management
Eo 5 * Automated hand-off between launch and flight management
g s § « Automated go/no-go criteria
o3 I * Risk management approach
‘E < * Automated decision-making process: knowledge-based decision tools and adaptive reasoning advisors
8 § * Automatic hardware recognition and configuration
‘e * Data visualization
S * Software fusion
e + Automated and remote sensing techniques
* Remote optical imaging for fire detection and leak detection
 Lots of interaction for approval to launch * Modifications for flight data files — hard to get in last-minute changes
* Massive critical requirements documentation process * Who is in charge? Who notifies NORAD and other countries?
= 3 * Manually recording and processing thousands of measurements and | ¢ Lengthy planning process
o § comparing to family and trends * Flight plan development (e.g., trajectory)
E"'_; 2 ©  Limited lessons learned * Large quantity of data needs to be recorded and processed
H § 5 * Limited operational learning opportunities * Information shared verbally over comm nets
g 2  Integration of requirements between vehicle owner/operator and
8 ﬁ payload developer
Qm 2- * Automated systems * File COMBO analysis and orbit insertion data similar to flight plan
g 2 w5 |° Real-time data reduction, configuration control analysis * Risk management
H < g S| Automated, intelligent processing * Automated trend analysis
o 5 5 | ° Data warehousing and archive * Semantic networks and Al tools
° 2' « High-fidelity training models * Knowledge-based decision tools
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Monitor, Control, and Manage the Flight (F)

« Airborne servicing in some concepts

]
(=)
c
o
©
5
32
§ 8
3%
€9
o o
e
* Some flights require mobile comm assets — expensive
& g * Multiple communication architecture paths
£ H * Network of spaceports communicating with each other
2 o = * Need mobile range information equipment
< o S « Distributed spaceport communications
T g [3) pacep
T < * Comprehensive communication architecture
£ts |=c
o c © G
o ® 2
@ c 0o
c £ =
o ERS
= e <
« Limited ability for onboard abort situation
8, | * Limited onboard inspection (Shuttle)
£ H * Making the deploy/no-deploy decision and communicating the decision are manual and distributed across a variety of “nets”
7] =
2 3
%5 (3]
LR
c 8
&=
-,9_. '5 * More robust onboard sensors and health management
2> ® 5 | * Wider abort envelope
Q o8 .
) c o | * Self-checkout and analysis
£ S g
2
« Limited ability for onboard abort situation
g | Limited onboard inspection (Shuttle)
£ s
= =
2| 2
g5 o
5=
Eo
£ £ .
o ® * Integrated with NAS
© ° E 5 | ¢ Reduce need for ground communication
t |E8
(5] c 2
L g
« Little real-time analysis and planning
* Unique to each mission
g « Limited onboard data monitoring
E, * Determining the data the payload operator wants/needs
= E « Data reduction is completed postmission
-g o o * Multiple agency approval
g £ * Cumbersome alternative trajectory analysis
g £ « Limited bandwidth
Q
§ -7" * Real-time replanning
Qs 5 « Intelligent autonomous system
2 %‘ § « Automated flight plan generation and analysis
c 4:: % * Automated risk management
S5 <& | * Automatic data reduction
o § « Data compression
c  Integrated health monitoring with logistics
S « Transfer to crew or intelligent autonomous system
& | » Automated monitoring

Exception data reduction
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Land/Recover Flight Element and Payload Elements (G)

Advanced

Servicing

Challenge

Need for active safing systems while on the ground

Hazardous operation

Nonroutine

Removing hazardous commodities/materials

Long delay for clearance to approach vehicle

Protective equipment required for approaching vehicle after landing

Technical

Approach

Self-safing and self-inerting vehicle systems

Mobile purging/safing/environmental systems or automated purging
Hot tanking operations for turnaround operations

Area for environmental safing

Standard interfaces

Minimize hazardous commodities used

Robotics for remote sensing

Transportation, Handling,

and Assembly

Challenge

Dedicated and special support equipment
Vehicle is toxic and dangerous to handle
Crew cannot egress

Sensitivity to FOD, weather, and wildlife
Destowing time-critical items

Unique portable access equipment
Mobile interfaces to get to hangar
Transporting hazardous payload

Storing payload

Handling contaminated/hazardous elements
Payload may be inaccessible

Gaining access for safing may be difficult

Complex interfaces

Too many different and dangerous connections

Closeouts and cover plates

Connecting to ground support systems

Long time to get ready from recovery

Crew cannot egress without assistance from ground operations
Distance for vehicle to travel to its servicing point
Contaminated situations

Special equipment required to gain access to various areas on the
vehicle

Mechanical or physical safing of active systems

Technical

Approach

Get to staging area under own power

Automated purging

Autocleaning runways/auto-FOD detection

Instrumented tarmac

Standardized interfaces

Mobile purging/safing/environmental systems (e.g. clamshell
operations)

Automated/autonomous hazard monitoring, assessment, and purging

Robotic towing and handling

Decontamination facility

Docking station to remove payload easily and readily
Self-contained payload

Wireless connections for data transfer

Laser communication systems

Nonpyro separation systems

Inspection & System

Verification

Challenge

Runway inspections

Hazardous operations

Landing systems deposit debris on landing area
Visual inspection techniques

Technical

Approach

Robotic inspections

Advanced imaging systems

Wireless communication

Standardized interfaces to any transporter
Laser imaging (“MRI”) for vehicle

Remote hazards detection

Command,
Control, and Monitoring

Challenge

Hazardous gas detection

Hand-off from mission control to firing room
Single mission capability

Mechanical or physical safing systems
Weather-dependent

Monitoring contamination levels

Technical

Approach

Remote hazards detection

Remote, automated command and control
Automated sequencing

Robotic inspections

Advanced imagery systems

Wireless connections for data transfer
Laser communication systems

Planning/Documentation/

Analysis/Learning

Challenge

Big checklist

Can’t change plan easily

Manual crew debrief

Limited flexibility to adapt to real-time changes
Learn as you go

Technical

Approach

Heads-up displays

Integrated health monitoring

Data warehousing

Automated debrief systems

Wireless sensor network assessment of state

Autonomous command and control

Automated checklist generation based on the reported “state”
Responsive planning

Fault identification data transfer from vehicle integrated health monitoring
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Prepare Flight Elements for Prepare Payload Elements for Restore / Remanufacture Flight Refurbish / Remanufacture
Turnaround or Disposal (H1) Turnaround or Disposal (H2) Element (I1) Payload Element (12)
* Processing hazardous materials | * Hazardous operation * Completed in special and * Specialized tooling
& | » Decontaminating * Nonroutine separate facilities ¢ Mechanical system lubrication
§ * Completed in special and * Hazardous material disposal » Hazardous operations * Determining what to repair
E separate facilities * Environmental monitoring and * Labor-intensive * Component repair and
T o 3] * Special equipment control * Special equipment replacement
Q .
2 5 * Weather-dependent  Corrosion control
E s * In-place deservicing * In-place deservicing
<9 E S | * Modular deservicing * Modular deservicing
£8
8%
* Jack and level  Sensitive and live cargo * Specialized handling equipment | ¢ Specialized handling tools
* Position access * Hazardous operations * Position access * Unique storage and packaging
* Environmental and ground * Residual fluids — toxics » Environmental support * Retaining operators’ certification
support * Attitude requirements * Access the access points * Ensuring connectors don't get
o * Access the access * Unique transport methods * Multiple facilities damaged
2 | « Time-consuming to open * Many interfaces/connections  Time-consuming to open/close | ¢ Restoring to a configuration
5 2 access points * Contaminated and hazardous access points
£ 2 * Lots of systems to be removed environment * Labor-intensive
K] > © and documented * Unique orientation, methods, * Many systems to document
£ -g and tools for disassembly * By taking apart, may break
S o  Breaking connections without things that weren’t broken
2 ? breaking the connectors * Lots of interfaces and
£ : * Hard to gain access connections
o c
oo * Use standard facilities « Standardized containers « Standard facilities * Standard, self-contained
§ * Standard access points ¢ Clamshell * Standard access points shipping container
= =< |° Movable access platforms  Self-sustained, contained * Movable access platforms « Standard hangar/facilities
o8 payload * Common handling and shipping | ¢ Standard access points
£ g * Common, automated offloading containers/fixtures
S o equipment * Phased inspections, periodic
F< * Phased inspections, periodic phased maintenance
phased maintenance
* In situ deservicing
* Labor-intensive * Hazardous ¢ Labor-intensive * Functional verification,
Y * Documenting state of the « Time-consuming ¢ Determining what needs to be recertification, and calibrations
£ H systems serviced
% s * Documenting systems’ state
<,>,' 5 S * Determining electrical system
35 integrity
o
.§ £ * Integrated health monitoring « Standard interface to support * Integrated health monitoring « Standard interface
3 < § S | ¢ Phased inspection equipment * Robotic inspection
2 ‘€ 8 | * Integrated logistics and * Integrated logistics and
£ 5 S maintenance systems maintenance systems
o o - .
< * Nondestructive testing
* Wire inspection methods
* Recalibrating elements * Monitoring of environmental * Recalibrating elements * Maintaining environmental
> & | * Power up entire flight system to and confined spaces » Power up entire flight system to conditions
£ § check out a single system * Hazard control and monitoring check out a single system
S E * Complex scheduling system * Complex scheduling system
s5| S
T =
Eo
g s * Automated scheduling « Self-test/self-reporting of status | * Automated scheduling * Integrated health/self-
o3 E § | © Automated subsystem test * Automated subsystem test inspection/self-reporting
““._: g g * Integrated health monitoring * Integrated health monitoring
o |§a
©leg
* Alot of documentation * Determining and documenting * Big checklist * Configuration control
* Big checklist the condition of the payload * Can’'t change plan easily * Documenting any discrepancies
" * Can’t change plan easily elements is manual and * Diverse providers/formats * Updating configuration data
- 2 * Diverse providers/formats nonstandardized * Diverse system requirements * Updating performance metrics
5 2 * Diverse system requirements * If contaminated, can’t gain * Manual process « Initiating corrective actions
5 2 2 * Extensive postflight analysis — access * “Tribal” knowledge not captured
§ é o recording quantities of residuals
ES to feed back to systems owners
3d « Manual process
Q.®
Qm [ * Paperless systems ¢ Heads-up displays
£ § * Standardized documentation ¢ Paperless systems
£< § S | ¢ Integrated health monitoring « Standardized documentation
E ‘€ 8 | ¢ Data warehousing * Integrated health monitoring
56 |- Self-diagnosing and self-healing » Data warehousing
2 2' * Automated scheduling of necessary support * Automated scheduling of any calibration
* Automated checklist generation based on state-of-health data ¢ Self-monitoring/self-healing
* Heads-up displays * Automated checklist generation based on self-diagnosis
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Restore / Reservice Ground Systems for Reuse (J)

Advanced

Servicing

Challenge

Specialized tooling

Lubrication of mechanical systems
Determining what to repair (unplanned)
Repair/replacement of components
Contamination control

Safety and environmental

Commodity replenishment

Drainback

Technical
Approach

Onsite commodity production and distribution
Materials that minimize periodic maintenance
Low-maintenance fluid transfer lines

Low-loss or zero-loss propellant storage
Advanced payload equipment storage facilities

Transportation, Handling,

and Assembly

Challenge

Unique/customized handling, tooling, equipment
Retaining operators’ certification

Infrastructure interfaces are destroyed during launch
Massive refurbishment efforts required

Technical Approach

Standardized cranes

Universal and flexible stands, platforms, and transporters
Standardized fixtures

Advanced storage facilities

Flexible platforms and transporters

Modular, standardized, containerized system
Connector covers

Configuration control

Sacrificial interfaces

No T-0 umbilicals

Wireless interfaces

Blastproof umbilical compartments

Inspection & System

Verification

Challenge

Functional verification, recertification, and calibrations

Technical

Approach

e o o o

Self-fault isolation and repair systems
Condition-based maintenance
Self-checking systems

Maintenance on demand

Command,
Control, and Monitoring

Challenge

Maintaining environmental conditions

Technical

Approach

Condition-based maintenance
Standardized information systems

Planning/Documentation/

Analysis/Learning

Challenge

Configuration control

Determining future needs to stage and configure equipment
Time-consuming to collect and manage detailed maintenance records
Cumbersome to identify and track discrepancies

Updating configuration

Updating performance metrics

Initiating corrective actions

“Tribal” knowledge

Technical

Approach

Configuration control systems
Automated planning tools
Learning databases/tool
Configuration management tools
Knowledge-based systems
Predictive maintenance
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Spaceport Logistics

Sub-function

Challenge

Technical Approach

Support Maintenance
Operations

Vehicles don't have the design margin — no system for predictive
maintenance systems — limited capability for predictive maintenance
systems

Manual trending

Small fleet size — small buys

Lack of consistently following vehicle design guidelines

Tracking of tools, unique tools

Paradigm that logistics is least important, low priority — not enough $
to buy all the parts needed

Undependable systems

Limited design corrective action/design taken

Cost of downtime is high

Availability drives the requirement for spares

Large number of unique parts for each vehicle

Integrated with vehicle health monitoring

Rapid onsite prototyping/manufacturing of space-qualified items
Seamless ordering on the floor for pickup on the floor
Management control of design process to minimize the tools

Manage
Supply

.

.

e o o o

Transportation

Maintainability and reliability data collection and analysis are lacking
for predictive maintenance

Technology limitations for cryogenic material storage and transfer
Integrating the various information systems

Intelligent storage facilities

Hazardous materials — volume limited by transportation and storage

e o o o

Integrated with vehicle health monitoring
Standardized shipping containers
Computerized storage facilities

Onsite production of commodities

RF-unfriendly environments
Export control

 Limited number of qualified vendors « Design guidelines
g * Low demonstrated reliability * Integrated design environments that include logistic functions
»2 2 . * Inadequate testing of new systems * Automated data capture and analysis
2% : £ + Ability to influence the design * Simulating techniques to assess reliability/maintainability vs. testing
=2 i £  Lack of integrated metric data capture to failure
E5 ® g * Lack of design for maintainability, design using metrics * Online, real-time, centralized documentation — universally available
2 & £ * Custom processes
2 * Flight certification of components
* Incomplete documentation and multiple formats/dialects
* Not using off-the-shelf inventory management systems * Integrated health monitoring systems
5 « Distributed systems * Smart systems — sensing and instrumentation built into the structure
= * Manual * Automated data collection
8 c E * Diverse data formats * More wireless technologies
888 2 « Lack of compatibility
2 E £ g * Proprietary information
:" 5 g |3 * Time-consuming to collect data
SER?® * Workforce doesn't see the need for the data
=T 2 * Lack of recording of data for contractual advantages
S * No “ACME” spaceport provider
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Management of the Spaceport and Flight Operations (M)

Function Challenge Technical Approach
* Growing the paying customer/payload market — increase the demand | * “Turbo Tax”
for flights « Design guidelines for operations vs. performance
* Lack of integrated design approaches and tools that incorporate * “Vision spaceport’-type tools
Customer spaceport operations  Integrated engineering environment tools
Services « Too many organizations required to communicate requirements
* Changing environments for vehicle
* Lack of historical data
* Change in mind-set to design for operations
« Strategic thinking « Virtual prototyping and simulation
« Supporting next-generation vehicles * Business case — criteria for viability
* Being vehicle-centric * Metrics tracking and analysis
« Political and regulatory environment * Development and communication of standards for vehicles and
Strategic * Funding payloads
Management | « Prematurely deploying immature technology « Testbeds to mature the technology development for operational
* Getting away from being vehicle-centric use
« Political and regulatory environment (e.g., ITAR, EPA and noise, « Establish industry association board for operators (e.g., AlIA)
range safety, orbital space)
* Limited investment capital
* Adapting business models and processes for a spaceport * Spaceport operations management discipline
Business * Gaining buy-in and funding to develop the models « Data acquisition/tracking systems
Management | ¢ Getting the data/tracking the data * Useful metrics to help drive improvement
* Cost models for spaceport operations
¢ Lack of standards * Develop spaceport engineering, operations standards
* Increasing reliability without increased cost « Develop spaceport operations curriculum
* Large amount of engineering skills devoted to sustaining operations * Developing modeling and simulation capability to test design with
vs. improving product/process real-world concerns
Engineering * Majority of spaceport engineers trained on to how maintain a specific
system vs. understanding the larger system and why the function is
performed
* Changing the culture to support innovation
* University to develop spaceport operations degree
Operations * Lack of incentives to simplify approaches * Ground system testbed
Safety, Health, | ¢ Changing paradigm from risk aversion to risk management * Dedicated test flight facility to certify new systems
and Mission * Changing job from “why we can't do it” to “how we can help”
Assurance » Lack of ability to demonstrate safety
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M 1t of the Sp

port and Flight Operations (M)

Function

Challenge

Technical Approach

Operation Management

Requirements
Management

Don't start at top-level requirements

Not documented

Not well understood

High level of changes to requirements for every flight
Large volume of requirements within inconsistent definition
of levels and flowdown

Lack of management and control

Still determining requirements

Need to make money

.

.

.

Automated closed-loop requirements management tools
Systems approach to operations
Requirements tied to verifiable measures

Operations Risk
Management

Proper identification of risk
Don’t understand what risk is
Don’t use best tools

.

.

Risk management tools for spaceports
Automated analysis for of procedures for risk

Configuration and
State Management

Many parts to keep track of

Keeping track of process configuration and state of the
spaceport

Reconfiguring for different operations

Smart-chip tracking of parts

Bar codes

Enhanced weight-and-balance algorithms (vehicle)
“Preflight” checklist

Work Control &

Current and diverse operational philosophies
Implementation costs

Lack of good, consistent, relevant data
Scheduling is an art, not a science

Standard processes and philosophies
Data management

Decision support tools

Scheduling algorithms

Scheduling * Cost to convert from legacy to new « System integration across all disciplines
 Lack of situational awareness * Wireless “PDAs”
* Immense number of tasks to produce a flight
* High level of skill required
* Current philosophies * Groupware
Work Authorization « Blurring of operational and development systems * “Turbo Tax

Spreading of responsibility — everyone must sign the paper
Unique procedures

Standardized procedures

Analysis, Learning,
and Process
Improvement

Hard to improve nonstandard processes
Limited incentives
Lack of data

.

.

.

Commitment to formal operations improvement program
Automated feedback to procedures
Task analysis tools

Operations Data
Management

Data not in format that can be easily captured

Not a customer-oriented data access system for trending
Not having the right amount of data

Different terms for different items

.

.

Drop menus for data capture
Consistent terminology, taxonomy

Documentation

Current philosophies
“Pay by the pound”

Duplicate information
Updating information

Standard formats

Maintain Interface
and Compliance
With Licensing,
Export/ITAR, and

Safety Regulations/
Regulators

Getting everyone on the same page

Gaining political advocacy and participation to scope new
regulations

“My job” syndrome

Technical group and analysis for space worthiness criteria
Standards development for space worthiness criteria
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Spaceport-Provided Support Services (N)

Function Challenge Technical Approach
Shops, food * Developing an integrated business and legal/municipality * Strategic community planning
[} @ services, concept * Business incentives
E 2 entertainment,
2 E postal, money
S | exchange, hotels,
etc.
* Determining the appropriate maintenance intervals * Maintenance scheduling algorithms
ot @ * Inadequate budget » Self-diagnosing, -testing, -healing facilities and GSE
283 « Ground health monitorin
s 36 - g
€63 GSE/facility ops &
£ ::;. I maintenance
S
S5 E
Spaceport * Balancing passenger screening and spaceport personnel « Physical characteristic/biometric scanning is the central
o grounds, screening source for identifying people throughout the complete
£ information, « Identifying/tracking people process
3 personnel, * “Personal signatures” recognition
& operations, « Passive surveillance systems
security, and
customs
« Dealing with untrained, public passengers through the * Enhanced sensor technology
E‘ 2 Fire, medical, haz spaf:eport ) ) . Dgcisiop support systems for‘relsponse level determination
s 8 mat, emergency * Awide range of scenarios and hazardous materials « Simulation-based practice/training and procedures
g > management * Response to the different materials are many
& response « Different skills for the response team members
w « Keeping emergency personnel proficient
* Protecting humans from hazardous operations « Virtual prototyping of operations and workplace, operations
:,>~ — * Understanding potential impacts from operations environment
ge « “Virtual klutz’
3 2S£ Health. theszs * Personnel health monitorin
2% = | and certifications; 9
2 g 3 incident * Secure areas (storm cellars) — safe zones
® 8 T management * Individual shields
30 + Advanced SCAPE suits
£  Electronic canary
* Getting consistent procedures * Split-screen virtual reality helmet performance support
* Eliminating the uniqueness in procedures * Voice recognition/synthesis to support procedures
Training/ * Accuracy of instructions execution
certification * Overcoming local customs
* Inconsistent training content and methods across
spaceports/programs
* Tightening regulations * Plug & Play sensors
* Sensing * Protocols
« Efficient protocols to connect the sensors within the webs  Integrated environmental monitoring system
.  Streamlining the environmental licensing requirements ¢ Integrated sensing web
Environmental . . .
management * No common threaq for sensors ) . S_ound yvave cancellation and suppression techniques
* No standard technical approach to sensing * Simulation of RF
* Federal, state, and local regulatory agencies are not * Advanced receiver and antenna design
coordinated — overlapping and inconsistent regulations * Lower-power amplification
w * Spread spectrum or frequency allocation
§ * Volume of imagery receiving * “MRI scan-type, roll-through, full electromagnetic
E ¢ Time-consuming to find image needed monitoring
(%} Documentation of | ¢ Getting clear images of ascent phase * Fly-around sensors
E operations or/and | ¢ Cost risk * Advanced receptors and filters
2 problem areas « Archival of large volume * Integrated sensors combining multiple sensing
5’, * Fully automatic tracking cameras

Advanced data search engines for retrieval

Custodial and
hazardous/
biological waste
handling

Diverse set of hazardous items that don’t have a mechanism
to reuse, make useful, or neutralize

Advanced composting
Scrubbers
See medical industry for examples

IT architecture

Cost to convert
Limited bandwidth
Security of wireless

Easy switching of wiring throughout a building
Encryption/wireless

Secure, open networks

Office-hours cooperating information grid

Utilities

Expensive to move cryogenic items over a distance (e.g.,
piping)

Efficient pumping

Integrating utility and commodity production

Risk management and perception of hydrogen

.

Advanced cryogenic distribution handling techniques
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Offline Maintenance, Repair, and Overhaul (O)

Decontamination to begin the inspection process
Accessibility

Sensors for detection
Predictive algorithms
Artificial intelligence

Function Challenge Technical Approach
* Strength and durability of structures * Strength of materials
* Fluid leak detection  Health monitoring for prognosis (move beyond monitor,
* Connections diagnostics)

Inspect .

Lack of demonstrated reliability

* Nonoperational elements worked * Design for reliability
* Reliability achieved through redundancy rather than long life * Build to last
Modify/repair/ * Fewer and less expensive parts
. P * Move space qualification standard toward the commercial-grade
rebuild
standard
* Integrated requirements management tool to support individual
users/technicians
* Fragile components « Virtual prototyping for maintainability analysis
* Expensive
Reassemble
* Confined spaces
« Lack of intelligent layout of parts for maintenance
* Don'’t design for long life Virtual prototyping for maintainability analysis
Test * Don'’t design for maintainability or testability Artificial intelligence

Intrinsic IHM should provide retest capability
Self-verifying interface
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ARTWG
ASTWG
COLA
COMSTAC
COTS
DoC
DoD

Ec

ELV
EPA
FAA
FOD
FTS
GIDEP
GPS
GSE
HRST
HW
ICD

IPT
ITAR
IGHM
IPHM
IVHM
KSC

~ Appendix )
‘ Abbreviations and Acronyms

Advanced Range Technologies Working Group
Advanced Spaceport Technologies Working Group
collision avoidance

Commercial Space Transportation Advisory Committee
commercial off-the-shelf

Department of Commerce

Department of Defense

expected casualties

Expendable Launch Vehicle

Environmental Protection Agency

Federal Aviation Administration

foreign object debris

Flight Termination System
Government-Industry Data Exchange Program
Global Positioning System

ground support equipment

Highly Reusable Space Transportation
hardware

Interface Control Document/Drawing
Integrated Product Team

International Traffic in Arms Regulations
integrated ground health management
integrated payload health management
integrated vehicle health management

Kennedy Space Center
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LOLI
LPS
MEMS
MLI
MRI
MSC
NAS
OEM
OMI
ORM
OSHA
OSIDA
OSTP
PHST
RCA
RF
RPC
RLV
SCAPE
SLI
SRB
STC
SW
TD&D
TDRSS
TFA

214

limited-operating-life item

Launch Processing System
Micro-Electromechanical Systems

multilayer insulation

magnetic resonance imaging

material service centers

National Airspace System

original equipment manufacturer

operations and maintenance instruction
operational risk management

Occupational Safety and Health Administration
Oklahoma Space Industry Development Association
Office of Science and Technology Policy
packaging, handling, storage, and transportation
root cause analysis

radio frequency

remote power controller

Reusable Launch Vehicle

self-contained atmospheric-protective ensemble
Space Launch Initiative

Solid Rocket Booster

Spaceport Technology Center

software

technical data and documentation

Tracking and Data Relay Satellite System

technology focus area
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